The effect of five compounds of ethoxylated fatty esters with different number of ethylene oxide units on the corrosion of copper in 1 M HNO 3 solution has been studied using weight loss and galvanostatic polarization techniques. The inhibition efficiency was found to increase with increasing concentration and number of ethylene oxide units per molecule. Inhibition effect was explained on the basis of adsorption of ethoxylated fatty esters on the metal surface through their ethoxy groups. The adsorption process was found to follow Temkin adsorption isotherm. Polarization data suggested that the used additives act as mixed type inhibitors. It was found also that the ethoxylated fatty esters provide a good protection to copper against pitting corrosion in chloride containing solutions.
Introduction
Copper is a metal that has a wide range of applications due to its good properties. It is used in electronics, for production of wires, sheets, tubes and also to form alloys. Copper is resistant toward the influence of atmosphere and many chemicals; however, it is known that in aggressive media it is susceptible to corrosion. The use of copper corrosion inhibitors in such conditions is necessary since no protective passive layer can be expected. The possibility of copper corrosion prevention has attracted many researchers, having already been investigated numerous possible inhibitors. Amongst them there are inorganic ones [1] , but in much greater numbers there are organic compounds and their derivatives [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . It is noticed that the presence of heteroatoms such as nitrogen, sulphur or oxygen, in organic compounds, improves its action as copper corrosion inhibitor. This is explained by the presence of vacant d orbital in copper ions that from coordinative bonds with atoms able to donate electrons.
Interaction with rings containing conjugated bonds, π-electron, is also present [13] . Surfactant compounds are widely employed to protect some metals and alloys against corrosion [14] [15] [16] [17] [18] . The efficiency of the inhibition depends on the inhibitor concentration. The aim of the present work is to investigate the inhibitive effect of ethoxylated fatty esters (non ionic surfactants) on the corrosion of copper in nitric acid solution using weight loss and galvanostatic polarization measurements.
Experimental
The copper test sample used has the chemical composition (wt %) 0.001 Sn, 0.001 Ag, 0.01 Fe, 0.005 Bi, 0.002 Pb and the remainder in Cu. Prior to each experiments the specimen was polished with deferent grade emery papers. Then the specimen was washed with bidistilled water acetone and finally dried. All chemicals were analytical grade quality. A solution of 2 M HNO 3 was prepared with bidistilled water.
For weight loss measurements the tested specimens were used in the form of sheets of dimension 1x3x0.2 cm. For galvanostatic studies and potentiodynamic anodic polarization a cylindrical rod embedded in araldite with an exposed surface area of 0.32 cm 2 was used. Weight loss measurements were carried out as described elsewhere [19] . Galvanostatic polarization study has been performed with an EG & G model 173 potentiostat /galvanostat equipment. A three compartments cell with a saturated calomel electrode and a platinum foil as auxiliary electrode was used. Potentiodynamic anodic polarization technique was performed at scanning rate of 1 mV/s using a Wenking potentioscan type POS73 and the current densitypotential curve was recorded in an X-Y recorder type PL3. The potentials were measured relative to saturated calomel electrode (SCE) and the electrolytic cell is described elsewhere [20] .
Materials
Ethoxylated fatty esters were prepared by a previously simple described method [21] and having general formula R-COO(CH 2 -CH 2 -O)n-H, where R is C 18 H 37 and n is the number of moles of ethylene oxide (E.O) and equal 4, 6, 8, 10 and 12 for compounds I, II, III, IV and V, respectively.
Results and discussion
The effect of addition of five compounds of ethoxyalted fatty esters on the weight loss of copper coupons in 1.0 M HNO 3 as corrosive medium after 3 hours was studied. The percentage inhibition efficiency (I.E%) and the parameter (θ) that represents the fraction of surface area covered by inhibitor molecules were calculated using the following equation
(1)
where W add and W free are the weight loss in the presence and the absence of the inhibitor. The calculated values of I.E. % and θ are listed in Table 1 . It is obvious from Table 1 that the values of I.E. increased with increase of inhibitor concentration and the number of ethylene oxide units. The percentage inhibition efficiency of these compounds decreases in the following order: compound V > IV > III > II > I. The results could be explained on the basis of the fact that an increase in the concentration of the inhibitor would result in a lowering of the interfacial tension at the metal surface. This lowering in the interfacial tension is thought to cause a decrease of the bulk concentrations of the inhibitor and an increase in its concentration at the metal surface.
Adsorption isotherm
The values of surface coverage θ for different concentrations of the studied compounds (I-V) at 25 °C have been used to identify the best isotherm to determine the adsorption process. The adsorption of organic adsorbate on the surface of copper electrode is regarded as substitutional process between the organic compound in the aqueous phase (Org aq ) and the water molecules adsorbed on the copper surface (H 2 O) ads [22] . ln KC= aθ (4) where k is the equilibrium constant of the adsorption reaction, C is the inhibitor concentration in the bulk of the solution and a is the molecule interaction parameters depending upon molecular interactions in the adsorption layer and the degree of heterogeneity of the metal surface. The plot of θ against log C for all additives gives straight lines, as shown in Fig. 1 . This indicates that these compounds are adsorbed on the surface of copper electrode according to Temkin adsorption isotherm. 
Galvanostatic polarization
The effect of addition of ethoxyalted fatty esters on the anodic and cathodic polarization curves of copper in 1.0 M HNO 3 solution at 30 °C was studied. The effect of increased concentration of compound V is represented in Fig. 2 as an example. However, similar curves were obtained for the other compounds (not shown). Corrosion parameters such as corrosion potential (E corr ), corrosion current density (I corr ), cathodic Tafel constant (C), anodic Tafel slope (b a ) and inhibition efficiency (IE), were calculated and given in Table 2 .
Figure 2. Galvanostatic polarization curves of copper in 1 M HNO 3 alone and containing different concentrations of compound (V).
The corrosion current density (I corr ) and corrosion potential (E corr ) were determined by the intersection of the extrapolating anodic and cathodic Tafel lines. Inhibition efficiency (IE) was calculated using the following equation:
I.E. = 100[1-
where I free and I add are the corrosion current density of copper electrode in the absence and in the presence of the inhibitors, respectively. Inspection of Table 2 shows: An increase in both anodic and cathodic Tafel slopes upon addition of inhibitors indicated a mixed anodic and cathodic effect on the corrosion inhibitors mechanism [23] . The corrosion potential is almost unaffected, and I corr decreased when the concentration of ethoxylated fatty esters increased, indicating the inhibiting effect of these compounds; the IE increased with increasing of additives and number of ethylene oxide units per molecule of the additive. The inhibition efficiencies of the five tested compounds measured by the polarization method decreased in the following order: compound V > VI>III>II>I. This sequence is in accordance with that obtained from weight loss measurements. Inhibition of pitting corrosion Potentiodynamic anodic polarization curves of copper electrode were traced in solution of 0.1 M HNO 3 + 0.1 M NaCl (as pitting corrosion agent), devoid and containing different concentrations of ethoxylated fatty esters, at a scanning rate of 1 mV/sec. The potential was swept from negative potential towards anodic direction up to the pitting potential; no any anodic oxidation peaks are observed in all anodic scan. The pitting potential (E pitt ) was taken as the potential at which the current flowing along the passive film increases suddenly to higher values, donating the destruction of passive film and initiation of visible pits. The effect of addition of increasing concentration of ethoxyalted fatty ester on the values of pitting potential is illustrated in Fig. 3 . This figure represents the relationship between E pitt and logarithmic of ppm concentration of additives. It is clear from this figure that, as the concentration of additives increases, the pitting potential shifted to more positive (noble) direction in according with the following equation:
E pitt = a + b log C inh (6) where a and b are constants depending on the type of used additives. The positive shift of E pitt indicates the increased resistance to pitting attack. At another same inhibitor concentration, the marked shift of pitting potential in the noble direction (increased resistance to pitting attack) decreases in the following sequence: compound V > VI > III > II > I. The different techniques used in this study gave the same order of inhibition efficiency but yielded different absolute values, probably due to the different experimental details.
Conclusions
1-Ethoxylated fatty esters are considered as inhibitors for copper corrosion in 1 M HNO 3 . The inhibition efficiency was found to increase by increasing the inhibitor concentration and number of ethylene oxide units. 2-The inhibition is due to the adsorption of inhibitor molecules on the copper surface. 3-The adsorption process follows Temkin adsorption isotherm. 4-Ethoxylated fatty esters provide protection against pitting corrosion of copper in the presence of chloride ions.
